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Introduction
Competitive apnoea also known as Free Diving or Breath-hold diving is an increasingly popular sport, in which individuals attempt to achieve the greatest possible stationary breathhold duration (i.e. static apnoea) or maximal underwater distance or depth (i.e. dynamic apnoea). During apnoea, oxygen exchange with the environment is restricted, such that oxygen stored in the lungs and blood, and other tissue is drawn upon to meet the metabolic demands of the body (Schagatay et al., 2009 ). As the apnoea continues, stored oxygen is gradually depleted, whilst carbon dioxide, lactate, and hydrogen (H + ) ions accumulate (Schagatay, 2010) .
A low oxygen consumption is hence viewed as key to successful apnoea performance (for review see Schagatay, 2009; 2010; , and strategies which minimise oxygen consumption are highly desired. It is logical to assume that NO3 -supplementation should only be used during maximal competitive efforts to allow for maximal stimulus during training; however it is suggested that 4 NO3 -may be a beneficial training aid allowing for increased training load due to reduced training fatigue (Mahoney et al, 2012 (Schiffer et al. 2013 ). In the same investigation, NO3 -supplementation had no effect on SpO2 following maximal dynamic apnoea on a cycle ergometer (50 Watts at 60 rpm for 60
and 90 sec) although maximal apnoea duration was no different between conditions (Placebo 119 ± 5.17 s vs. NO3 -123 ± 6.4 s, P = 0.50) (Schiffer et al., 2013) . These conflicting findings may be related to differences in the NO3 -supplementation protocol, apnoea protocol, participant training status, and other methodological factors. Consequently, further research is warranted to elucidate the potential efficacy of NO3 -supplementation on apnoea performance.
To date, no study has evaluated the effects of NO3 -supplementation on the physiological response to underwater static apnoea, nor compared the effects of NO3 -supplementation on underwater static and dynamic apnoea. This provides a particularly interesting model for further exploration given the majority of apnoea competitions are conducted underwater, where the effects of NO3 -supplementation might interact with the diving response, and potential differences in the effects of NO3 -supplementation during static and dynamic apnoea.
Therefore, the purpose of the present study was to assess the effects of acute NO3 --rich beetroot juice supplementation on SpO2, heart rate (HR), and pulmonary gas exchange during (Beet It, James White Drinks Ltd., Ipswich, UK). Supplements were administered double-blind, two and a half hours before testing. The NO3 -concentration of supplements was determined prior to testing via ozone based chemiluminescence, as previously described (Shannon et al. 2016 ). Participants were asked to abstain from intense exercise, alcohol, and caffeine on the day of testing, and consumption of food in the four hour period prior to each trial. However, water was permitted ad libitum during this time to ensure adequate hydration.
Testing was conducted in either a 21 m or 25 m swimming pool depending on participant residency and availability. Participants wore either a nose-enclosed facemask or goggles and nose-clip, and a wetsuit, for the dive.
Methodological considerations
The present study included only submaximal apnoeas, given the unnecessary safety risks, including syncope, associated with maximal breath-holds. The authors reasoned the submaximal apnoeas employed would be sufficient to invoke significant physiological changes, sufficient to detect difference between BRJ and PLA. Only trained apneists were included (AIDA 2* and above), given the enhanced ability of this population to safely tolerate oxygen debt. Additionally, the findings of this study are of greater relevance to this cohort, relative to non-divers. An AIDA qualified safety diver was present at all trials, as a further safety precaution. All apnoeas were performed at durations or distances relative to each diver's recent personal best (within the month previous). This was to ensure a relative physiological challenge across participants of sufficient intensity to make worthwhile observations whilst limiting the risk of syncope.
Experimental trials
Static apnoea protocol 
Results
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There was no difference in HR measured immediately pre-apnoea between PLA (mean ± SD)
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(80 ± 3) and BRJ (82 ± 17); P>0.05). There were no differences between the PLA and BRJ There was no difference (P>0.05) in SpO2 between PLA and BRJ following any of the apnoeas.
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When averaged across all STA the mean SpO2 for the PLA condition was 82 ± 6% and 81 ± 54 9% in the BRJ condition. Following the DYN, the mean responses were 83 ± 14% and 84 ± 55 9%for the PLA and BRJ conditions respectively. Figure 2 shows the changes in SpO2 during 56 static and dynamic apnoea. There were no differences in the absolute reduction of SpO2 under 57 both conditions; the reduction during the STA in the PLA condition was 26 ± 10% and 27 ± 58 11% in the BRJ condition. Following the DYN, the mean change responses were 18 ± 12% 59 and 28 ± 18% for the PLA and BRJ conditions respectively. free-divers and as such may be considered well trained.
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It is possible that the dose of NO3 -administered in this study (7.7 mmol) was insufficient to 98 significantly alter NO bioavailability, and therefore influence NO mediated physiological 99 signalling. Indeed, it is an acknowledged limitation of this study that we did not measure juice supplementation reduces blood pressure in adults: a systematic review and meta-analysis.
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